Prospective studies of the persistence of human papillomavirus (HPV) variants are rare and typically small. We sequenced HPV-16 variants in longitudinal pairs of specimens from 86 women enrolled in the ASCUS-LSIL Triage Study. A change of variants was identified in 4 women (4.7% [95% confidence interval, 1.3%-11.5%]). Among women with intervening HPV results ( ), a variant switch occurred n p 60 in 2 of 11 who had evidence of intervening negativity for HPV-16, compared with 1 of 49 who consistently tested positive ( ). These results suggest the possibility that rare P p .11 misclassification of transient infections as persistent infections occurs in natural history studies of type-specific HPV infections.
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Studies of the natural history of human papillomavirus (HPV) infection define viral persistence at a type-specific level-that is, as the same genotype of HPV DNA detected during a certain time period. Intervening negativity is usually assumed to be the result of fluctuation in viral DNA load to below a detectable threshold [1] . In practice, it is difficult to distinguish typespecific persistence from recurrent infection.
In light of the intratypic diversity of the HPV genome [2] , the persistence of type-specific HPV infection may be better defined by analyses of nucleotide alterations in viral isolates [3] . For any given type of HPV, isolates that differ by !2% in the DNA sequence of the L1 (conserved major capsid) gene are designated as variants. Because HPV evolution is slow (genetic drift occurs at approximately the same rate as in the human genome) [4] , spontaneous mutations in HPV variants during the life span of infected hosts occur extremely rarely. Accordingly, different variants in consecutive samples from an individual most likely represent separate infections.
In the present study, we compared sequence variations in HPV-16 variants in pairs of specimens collected prospectively from a subset of women who were enrolled in a nested casecontrol study investigating the clinical relevance of HPV-16 variants.
Methods. Cervical samples examined were from the casecontrol study of women enrolled in the ASCUS-LSIL Triage Study (ALTS), a randomized, multicenter, clinical trial designed to evaluate strategies for the management of equivocal and mildly abnormal cervical cytology. These women were followed semiannually over 2 years for HPV typing and detection of cervical lesions. A detailed description of the ALTS design and study population has been presented elsewhere [5] .
Case patients were women who had (1) cervical intraepithelial neoplasia grade 2 or 3 (CIN2-3) initially diagnosed during follow-up and (2) HPV-16 DNA detected by polymerase chain reaction (PCR)-based reverse line blot [6] at follow-up visits concurrent with or before the diagnosis of CIN2-3. Control patients were selected from those who did not have a diagnosis of CIN2-3 during the entire study period and had HPV-16 DNA detected at 1 or more follow-up visits. The study protocol was approved by the institutional human subject review board of the University of Washington.
We characterized HPV-16 variants for 1 follow-up specimen per woman and for the enrollment sample from those who had a baseline HPV-16 infection. Of 255 ALTS participants enrolled in the nested case-control study, 86 (45 case and 41 control patients) were positive for HPV-16 variants at enrollment and at least 1 follow-up visit and were therefore eligible for the present study. For case patients, the follow-up sample was selected from visits at which CIN2-3 was initially diagnosed. If the sample from that visit was HPV-16 negative, the one from immediately before the time of CIN2-3 diagnosis was selected. Samples from control patients were frequency-matched to those from case patients on the timing of sample collection for variant 
a AA, Asian American; Af2, African 2; E, European; R, recombinant.
analysis. All of the tested specimens derived from Dacron cervical swabs. HPV-16-positive samples were initially assayed by PCRbased direct DNA sequencing of PCR products, as described elsewhere [7] . A viral isolate was designated as a distinct variant if, compared with the prototype and other variants identified in the study, there was 1 or more nucleotide alterations in the region from nucleotide positions 7723 to 567 (corresponding to the 3 part of the long control region and the entire E6 region). In accordance with lineages categorized previously [8] , HPV-16 variants were classified as European (E), Asian (As), Asian American (AA), African 1 (Af1), and African 2 (Af2).
Direct sequencing of PCR products detects only the predominant variants. To examine multiple-variant infections and whether the predominant variant in one sample was present as a minor variant in the other, we further assayed 40 pairs of enrollment and follow-up samples by PCR-based subcloning and sequencing. These samples were randomly selected except that we included all those that had displayed a change of variants in the assay of direct sequencing of PCR products. Briefly, PCR products were cloned into plasmids by means of a TOPO TA Cloning kit (Invitrogen), in accordance with the manufacturer's protocol. Plasmid DNAs were purified using a QIA Miniprep kit (Qiagen). Ten clones per sample were selected for sequencing. A predominant or minor variant was defined on the basis of the relative proportions of the clones in which the variant was present. A minor variant was defined if it was detected in 2 or more clones, with the exception of apparent recombinants. Consideration of these recombinants has been reported elsewhere [9] .
An exact confidence interval was calculated for the proportion of sample pairs with a change of HPV-16 variants. The difference in lengths of time intervals of sample pairs between women with and those without a change of variants was tested by the Student t test. The Fisher exact mid-P test [10] was used to compare frequencies of a change of variants between women with and those without intervening HPV-16-negative test results (OpenEpi, version 2.3; http://www.OpenEpi.com). This analysis was restricted to those who had at least 1 intervening visit with HPV test results. The 2-tailed P value was adjusted for the number of intervening visits with HPV-16 test results.
Results. Among the 86 study subjects, the mean age was 24.3 (standard deviation [SD], 5.5) years at the time of enrollment. A change of predominant variants between enrollment and follow-up samples was detected in 4 participants (4.7% [95% confidence interval, 1.3%-11.5%]) by direct sequencing of PCR products, including 2 with and 2 without a switch of variant lineages. The mean length of time between collection of 2 samples was 18.9 (SD, 4.9) and 15.6 (SD, 7.8) months for women with and those without a change of variants, respectively ( ). Among those without a change of var-P p .40 iants, HPV-16 E, AA, Af1, and Af2 were detected in 57, 14, 5, and 6 pairs of samples, respectively.
As shown in Table 1 , the first 2 pairs of samples with a change of variants displayed identical sequences in each of the 10 clones. The E variants in pair 1 differed by 2 nucleotides at positions 12 and 131. Pair 2 had the AA variant in the enrollment sample and the E variant in the follow-up sample. Neither the predominant nor the minor HPV-16 AA variant in the enrollment sample of pair 3 was identical to the variant in the followup sample. For sample pair 4, the predominant E variant (with 2 recombinants as minor variants) was detected in the enrollment sample, and the Af2 variant was detected in the follow-up sample.
The results for these 4 pairs of samples were confirmed by a second run of PCR-based subcloning with another 10 clones per sample sequenced (data not shown). Among the 36 pairs without a variant change that were randomly selected for PCR-based subcloning and sequencing, an infection with 11 variant was detected in 6 samples; none of the minor variants were detected consecutively (data not shown). Twenty-six women did not have any intervening HPV test result, including 23 without an intervening visit, 1 without an HPV test at 1 visit, and 2 without an HPV test at 2 visits (Table  2) . One woman without an HPV test at 2 scheduled intervening visits had a change of variants. Of the 60 women with at least 1 intervening HPV test result, 11 (18.3%) had 1 or 2 HPV-16-negative results at intervening visits. A change of variants appeared to be more likely (although not statistically significantly so) among women with than among women without an intervening negative HPV-16 test result (2/11 vs 1/49; ).
The results remained the same when women without an HPV test at the intervening visit were excluded. Discussion. In this study of HPV-16 isolates in pairs of enrollment and follow-up samples, we found a change of variants in only 4.7% of 86 women during ∼1.5 years of follow-up. Such changes cannot be explained by spontaneous mutations, given the slow evolutionary process of the HPV genome. In addition, they are not likely to be due to PCR errors, because the same changes were detected in 3 independent PCR runs (1 for direct sequencing of PCR products and 2 for subcloning and sequencing). Although it is possible that the predominant variant in one sample was present as a minor variant in the other, we did not see evidence of this.
We and others [11, 12] have previously demonstrated that the HPV-16 variant that is the most abundant initially remains abundant at subsequent visits. Although the presence of 11 HPV-16 variants can be detected, the minor variants are usually transient. Consistent with these findings, the present study detected minor variants in either enrollment or follow-up samples, but not both. For women with a change of variants, none of the predominant variants detected in one sample were detected in the second sample. This suggests that the change of variants was not the result of replacement of the predominant variants with the minor ones. One may argue that testing for 20 clones per sample may not be sufficient to exclude the possibility of a minor variant.
However, as reported previously [9] , our experience with sample pair 4 was that after sequencing a total of 105 clones we did not detect in the enrollment sample the Af2 variant that was present in the follow-up sample.
Studies of HPV variants in consecutive samples are rare, and inconsistent results have been reported. To the best of our knowledge, only 3 research groups have ever reported a change of variants over time. A case report by Franco et al [3] showed a change of HPV-16 variants in a pair of samples 7 months apart. Mayrand et al [13] demonstrated different DNA polymorphisms in 4 of 50 women by analysis of single-stranded conformation polymorphisms of HPV-16 variants in consecutive specimens. An even higher disconcordance rate was de-tected by pyrosequencing of HPV-16 variants in a recent study of human immunodeficiency virus-infected adults [14] . Other studies have reported identical variants in consecutive samples positive for HPV-16 [11, 12] or other high-risk types [15] . Although the inconsistent results can in part be explained by differences in study populations, interval durations, and approaches for variant characterization, most of these studies were limited by small sample size. In the present study, we additionally showed that a change of variants tended to occur among women with an intervening negative result for HPV-16, suggesting that it more likely represents a separate infection by the second variant.
It should be pointed out that the frequency of a change of variants detected in this study may not necessarily be generalizable to all women infected with HPV-16, because all ALTS participants had a referral of minor cytologic abnormalities. Additionally, although the present study included more study subjects than any previous studies, statistical power for identifying factors predictive of a change of variants was extremely limited. Finally, the present study demonstrated only a possibility, not a frequency, of recurrent type-specific infection. This is because the variant analysis was unable to distinguish persistent infection from recurrent infection for those with the same variant detected in consecutive samples. Also, it is unclear whether the second variant resulted from new acquisition or reactivation of the previously latent infection. Nevertheless, the findings of this study at least indicate a small level of misclassification of transient infection as persistent infection in studies that define persistence as detection of the same HPV type at consecutive visits, particularly for analyses that treat intervening negative test results as false-negatives.
Data from the present study suggest that misclassification of a transient infection as a persistent infection happens even at the genotype level. Our results are relevant to natural history studies but are not intended for clinical application. While separate genotyping to detect HPV-16 and to characterize HPV-16 persistence might be shown to provide worthwhile risk stratification, we are not suggesting that repeated variant testing would be cost-effective.
